In order to develop a model for secretory diarrhoea and to confirm the in vitro effects of cholera toxin in man in vivo the effect of intrajejunally administered cholera toxin was investigated in healthy volunteers. An intestinal perfusion technique with an occluding balloon proximal to the infusion site was used. The jejunum was perfused under steady state conditions with a plasma like electrolyte solution containing polyethylene glycol as a non-absorbable volume marker. After two control periods of one hour each, during which water was absorbed at a rate of 104 (14) volume, and intestinal secretion after administration of various preparations of cholera toxin.T he results of these studies, however, were too variable to lead to the use of cholera toxin as a secretory model. The aims of the present study were to characterise the dose response relationship for cholera toxin after intrajejunal administration, to develop a standardised model of intestinal secretion using an intestinal perfusion technique, and to expand our information on the action of cholera toxin on the human jejunum.
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Methods

SUBJECTS
Fifteen healthy volunteers (nine men, six women, mean age 28 years, range 22-38) gave written informed consent to participate. None of the subjects was taking any medication. A medical history, electrocardiograph, blood pressure, and standard laboratory findings were obtained before the experiment and were found to be negative or normal. Haematocrit was also obtained 24 hours after the experiment. The study was approved by the Ethics Committee of the University of Graz School of Medicine.
INTESTINAL PERFUSION
For intestinal perfusion a tube assembly with a proximal occluding balloon was used.`The assembly with an outer diameter of 6 mm and a mercury bag at the tip was placed in the jejunum (infusion site at the ligament of Treitz). The correct position of the tube was confirmed by fluoroscopy. Because in animal studies digestive juices may destroy cholera toxin an occluding balloon proximal to the infusion site was used in order to avoid degradation of cholera toxin by pancreatic enzymes9 (E Beubler, unpublished observation). The (14) and 94 (15) ml/30 cm/h, n=15, respectively) and electrolytes was recorded in all subjects except in one who secreted. Jejunal secretion is, however, known to occasionally occur in healthy subjects.'2 The secretory response to cholera toxin developed gradually. The first changes of net water and ion transport were observed after the second or third hour after administration of cholera toxin. The maximal effect during the four hour experiment occurred in the fourth hour after administration of cholera toxin (Tables I-V) .
Cholera toxin caused dose dependent changes [5] 2017 (109) [3] 1528 (405) [5] Values are mean (SEM), number of subjects from which results are available are given in square brackets.
in net fluid and ion transport (Figure) . Measurements of water as well as of Na + and Cl-revealed significant changes toward secretion induced by all three doses of cholera toxin (Tables I-III types of intestinal perfusion studies and in most of the subjects in this study liquid bowel movements had stopped after 24 hours. Only in three subjects liquid bowel movements continued up to 48 hours, but in no subject did this cause any serious inconvenience. During the perfusion studies we observed no change in blood pressure or heart rate. After the end of the study the volunteers were asked to drink 1 5-2 1 of an oral rehydration solution over the next 24 hours, but most of the subjects preferred other liquids. A normal haematocrit after 24 hours was present in all subjects and indicated either sufficient oral liquid intake or insignificant fluid loss. We conclude that a bolus of cholera toxin of 6.25 to 25 ,ug can be used safely as an intestinal secretagogue when the described precautions are being taken.
In addition to the secretion of Na+ and Cl-we found marked secretion of HCO3-into the jejunum, thus confirming previous in vivo studies in animals.2"'1' In experimental animals cholera toxin induces marked secretion of fluid and electrolytes. Where HCO3-was also measured net secretion was observed.2 1t16 This is in contrast with in vitro studies in ileal mucosa using short circuit current conditions where no significant changes of HCO3 fluxes were found.'9 To our knowledge there are no in vitro studies using jejunal mucosa. The different findings in vitro and in vivo underline the importance of in vivo studies in man.
Normally HCO3 is absorbed by the jejunum.
The absorption is thought to result from a Na+/ H' exchange mechanism whereby H' is secreted into the lumen in exchange for Na+.2O Thus, in addition to the Cl-and Na+ transport mechanisms the putative jejunal Na+/H+ exchange many also be inhibited by cholera toxin. The secretion of HCO3 is of clinical importance as the high amount of HCO3-in cholera stools may lead to metabolic acidosis when diarrhoea continues for several days. Potential difference did not change during the observed effects in ion transport in our study. Although a change to lumen negativity would be expected with active anion secretion our results are in accordance with those of Sachar, who found marked accumulation of water and electrolytes in the intestine of patients with cholera without alteration of the transmural potential difference in the small bowel. 2' We found no correlation between net secretion of water and electrolytes in the test segment and stool weight while liquid bowel movements were present after the experiment. Such a lack of correlation was also observed by Levin In conclusion, our study shows a significant, dose dependent change from absorption to secretion of water and electrolytes in the human jejunum induced by cholera toxin. This model is expected to lend itself to study the effectiveness of antisecretory agents in the human intestine. 
